
USOO8088521B2 

(12) United States Patent (10) Patent No.: US 8,088,521 B2 
Ju et al. (45) Date of Patent: Jan. 3, 2012 

(54) FUEL CELL SYSTEM FOR COMPUTING (56) References Cited 
FUEL LEVEL 

U.S. PATENT DOCUMENTS 

(75) Inventors: Ri-a Ju, Suwon-si (KR); Dong-rak 4,839,574. A * 6/1989 Takabayashi ................. 320,101 
Kim, Suwon-si (KR): Jin-hong An, 2006/0127719 A1* 6/2006 Brantley et al. ................. 429/20 
Suwon-si (KR), Ho-jin Kweon, FOREIGN PATENT DOCUMENTS 
Suwon-si (KR); Sang-kyun Kang. JP 2003-217634 T 2003 
Suwon-si (KR) JP 2004-213945. A 7, 2004 

JP 2005-322572 11, 2005 
(73) Assignee: SAMSUNG SDI Co., Ltd., JP 2006-040742 2, 2006 

i- JP 2006-1856.05 A T 2006 
Gyeonggi-do (KR) JP 2006-294471 * 10, 2006 

(*) Notice: Subject to any disclaimer, the term of this SS 1933. A 1338 
patent is extended or adjusted under 35 * cited by examiner 
U.S.C. 154(b) by 1096 days. 

Primary Examiner—Jonathan Crepeau 
(21) Appl. No.: 11/934,618 (74) Attorney, Agent, or Firm — Knobbe, Martens, Olson & 

Bear LLP 

(22) Filed: Nov. 2, 2007 (57) ABSTRACT 
O O A fuel cell system capable of computing fuel level stored in a 

(65) Prior Publication Data fuel tank, and more particularly to a fuel cell System capable 
US 2008/O10794.0 A1 May 8, 2008 of computing fuel level without using a flux sensor or flow 

s rate sensor includes: a fuel tank storing fuel; a stack for 
generating electricity by the electro-chemical reaction of the 

(30) Foreign Application Priority Data fuel; a fuel pump for transferring fuel from the fuel tank to the 
stack; a fuel pump for transferring the fuel from the fuel tank 

Nov. 3, 2006 (KR) ........................ 10-2006-0108459 to the stack, a pumping controller for generating a pump 
control signal controlling the pumping operation of the fuel 
pump; and a fuel level computing unit for computing the 

(51) Int. Cl. amount of fuel used and fuel level from the waveform of the 
HOLM 8/04 (2006.01) pump control signal. In some embodiments, the fuel cell 

(52) U.S. Cl. ......................... 429/428,429/447, 429/S15 system informs a user when the fuel level is low, with reduced 
(58) Field of Classification Search ........................ None manufacturing costs. 

See application file for complete search history. 

Fuel level warning message 
* 114 112 

Recorded Fuel level 
fuel level 

Value 

Pumping 

Fuel tank 

120 

controller 

5 Claims, 2 Drawing Sheets 

110 

160 

load 

  

  

  

  

  



U.S. Patent Jan. 3, 2012 Sheet 1 of 2 US 8,088,521 B2 

FC 1 

Fuel level warning message 
* 14 12 0 

160 

Power converter 

140 

Recorded Fuel level 
fuel level computing 

value 

Pumpin SEE, load 

ty 

120 1Yat 

FIG 2 
P1 P2 P3 P4 

Measuring section - 

  

  

  

  

  

  

  

  

  



U.S. Patent Jan. 3, 2012 Sheet 2 of 2 US 8,088,521 B2 

F.C. 3 
Fuel level warning message 

214 212 
7 7 

Recorded Fuel level el 
fuel level computing controller 

value 

260 

load 

Fuel tank 

Condenser 

250 

  

  

  

  

  

  



US 8,088,521 B2 
1. 

FUEL CELL SYSTEM FOR COMPUTING 
FUEL LEVEL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of Korean Patent Appli 
cation No. 10-2006-0108459, filed on Nov. 3, 2006, in the 
Korean Intellectual Property Office, the disclosure of which is 
incorporated herein by reference. 

BACKGROUND 

1. Technical Field 
The present disclosure relates to a fuel cell system capable 

of computing fuel level in a fuel tank, and more particularly to 
a fuel cell system capable of computing fuel level without 
using a flux sensor or flow rate sensor. 

2. Discussion of Related Art 
A fuel cell is a power generation system that directly con 

verts energy from a chemical reaction, for example, between 
hydrogen and oxygen contained in organic Substances, such 
as methanol, ethanol and natural gas, into electrical energy. 

According to the type of electrolyte used, fuel cells can be 
Sorted, for example, into phosphoric acid fuel cells, molten 
carbonate fuel cells, solid oxide fuel cells, polymer electro 
lyte fuel cell, and alkaline fuel cells. These respective fuel 
cells operate on the basic same principle, but differ in the 
types of fuels used, operating temperatures, catalyst, electro 
lytes, and the like. 
Among the types, the polymer electrolyte membrane fuel 

cell (PEMFC) has advantages of remarkably high output, low 
driving temperature, and rapid start and response compared 
with other types of fuel cells, and can be widely applied as a 
mobile power source Such as for portable electronic equip 
ment or as a transportable power source such as a power 
source for an automobile as well as a distributed power source 
Such as a stationary power plant used in a house and a public 
building, and the like. 
A type of fuel cell is known as a direct methanol fuel cell 

(DMFC), which is similar to the polymer electrolyte mem 
brane fuel cell but in which liquid methanol fuel is directly 
supplied to a stack. A DMFC includes, for example, a stack, 
a fuel tank, and a fuel pump. A hydrogen-containing fuel 
electrochemically reacts with an oxidant, such as oxygen, air, 
or the like, in the stack to generate electrical energy. Such a 
stack comprises several to several hundreds unit fuel cells, in 
which a membrane electrode assembly (MEA) and a separa 
tor are stacked. Herein, the membrane electrode assembly 
comprises an anode electrode (namely, “fuel electrode' or 
“oxidation electrode’) and a cathode electrode (namely, “air 
electrode' or “reduction electrode’) attached to each other, 
with a polymer electrolyte membrane disposed therebetween. 
The DMFC has a low operating temperature and can be 
miniaturized, and so is advantageous as a power Supply for 
portable equipment such as notebook computers or portable 
game machines. However, when a fuel cell is used to power a 
notebook or similar device, unexpectedly running out of fuel 
during use is very undesirable. Therefore, a means for inform 
ing a user of the fuel level in the fuel tank, and in particular, a 
low fuel level, is useful. 

Meanwhile, in the case of the DMFC, fuel may be supplied 
in exchangeable cartridges of predetermined size. In Such an 
exchangeable cartridge system, informing a user that the fuel 
is almost depleted in the cartridge-in-use permits the user to 
exchange the cartridge for uninterrupted use of the device. 
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2 
To this end, a flux meter is installed in the fuel tank or a 

sensing means such as a flux meter or a flow meter is installed 
in a fuel flow path from the fuel tank such that the residual or 
remaining fuel level in the fuel tank may be measured or 
computed. However, installing an extra flux meter or flow 
meter increases manufacturing costs as well, thereby compli 
cating miniaturization or weight reduction of the fuel cell. 
Also, disposing a fuel sensing device in a disposable cartridge 
increases the cost of the cartridge. 

SUMMARY OF THE INVENTION 

Some embodiments solve the above and/or other problems. 
It is an object to provide a fuel cell system capable of mea 
suring fuel level in the fuel cell without an extra sensing 
apparatus. Also, it is another object to provide a fuel cell 
system capable of informing a user whether refuel is needed 
or not, with low manufacturing costs. 

In order to accomplish these objects, a fuel cell system 
includes: a fuel tank storing fuel; a stack for generating elec 
tricity by the electrochemical reaction of the fuel; a fuel pump 
for transferring fuel from the fuel tank to the stack; a pumping 
controller for generating a pump control signal controlling 
the pumping operation of the fuel pump; and a fuel level 
computing unit for computing the amount of fuel used and 
fuel level from the waveform of the pump control signal. 

Other embodiments provide a fuel cell system comprising: 
a fuel tank configured for storing fuel; a fuel cell stack oper 
able for generating electricity by an electrochemical reaction 
of a fuel and an oxidant; a fuel pump fluidly connecting the 
fuel tank and the stack; a pumping controller coupled to the 
fuel pump and operable for generating a pump control signal 
for controlling the operation of the fuel pump; and a fuel level 
computing unit operable for computing the amount of fuel 
used and a fuel level in the fuel storage tank from a waveform 
of the pump control signal. 
Some embodiments further comprise a temporary tank 

fluidly connecting the fuel tank and the stack, configured for 
temporarily storing fuel. 

In some embodiments, the fuel level computing unit is 
configured to record the calculated fuel level therein, and 
resets the recorded fuel level value to a capacity of the fuel 
tank when the fuel tank is refilled. 

In some embodiments, the fuel pump comprises a dia 
phragm pump, and the fuel level computing unit is configured 
to determine the amount of fuel used by a method comprising 
multiplying a number of pulses in the pump control signal by 
a single pulse pumping throughput of the diaphragm pump. In 
Some embodiments, the fuel pump comprises a piezo injec 
tion pump, and the fuel level computing unit is configured to 
determine the amount of fuel used by multiplying a number of 
pulses in the pump control signal by a single pulse pumping 
throughput of the piezo injection pump. In some embodi 
ments, the pump control signal comprises a PWM signal, and 
the fuel level computing unit is configured to determine the 
amount of fuel used by a method comprising integrating the 
PWM signal to obtain a time-on value and multiplying the 
time-on value by the pumping throughput per the unit time. 

Other embodiments provide a fuel cell system comprising: 
a fuel tank configured for storing fuel for power generation; a 
fuel cell stack configured for generating electricity through an 
electrochemical reaction between the fuel and an oxidant; a 
fuel dilution tank fluidly connected to the fuel tank and the 
stack, configured for diluting the fuel to a predetermined 
concentration; a fuel pump fluidly connected to the fuel tank 
and the fuel dilution tank, configured to pump fuel from the 
fuel tank to the fuel dilution tank; a pumping controller 
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coupled to the fuel pump configured for generating a pump 
control signal controlling the operation of the fuel pump; and 
a fuel level computing unit configured for computing the 
amount of fuel used and fuel level from a waveform of the fuel 
pump control signal. 
Some embodiments further comprise a condenser fluidly 

connected to the fuel dilution tank, operable for condensing 
water from a cathode effluent into the fuel dilution tank. 

In some embodiments, the fuel dilution tank comprises a 
fuel concentration sensing apparatus outputting a fuel con 
centration value to the pumping controller, operable for sens 
ing the concentration of diluted fuel in the fuel dilution tank, 
and the waveform of the pump control signal depends on the 
fuel concentration value. 

In some embodiments, the fuel level computing unit is 
configured to record the computed fuel level therein, and to 
reset the recorded fuel level value to the full capacity of the 
fuel tank when the fuel tank is refilled. 

In some embodiments, the fuel pump comprises a dia 
phragm pump, and the fuel level computing unit is configured 
to determine the amount of fuel used by a method comprising 
multiplying a number of pulses in the pump control signal by 
a single pulse pumping throughput of the diaphragm pump. In 
Some embodiments, the fuel pump comprises a piezo injec 
tion pump, and the fuel level computing unit is configured to 
determine the amount of fuel used by a method comprising 
multiplying a number of pulses in the pump control signal by 
a single pulse pumping throughput of the piezo injection 
pump. In some embodiments, the pump control signal com 
prises a PWM signal, and the fuel level computing unit is 
configured to determine the amount of fuel used by a method 
comprising integrating the PWM signal to obtain a time-on 
value and multiplying the time-on value by the pumping 
throughout per the time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and/or other embodiments and features will become 
apparent and more readily appreciated from the following 
description of certain exemplary embodiments, taken in con 
junction with the accompanying drawings of which: 

FIG. 1 is a schematic view showing a fuel cell system 
according to one embodiment. 

FIG. 2 is a view showing a control pulse sequence for 
driving a fuel pump of the fuel cell system of FIG. 1. 

FIG. 3 is a schematic view showing a fuel cell system 
according to another embodiment. 

FIG. 4 is a view showing a PWM signal for driving a fuel 
pump of the fuel cell system of FIG. 1. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

Hereinafter, certain exemplary embodiments will be 
described with reference to the accompanying drawings. 
Here, when a first element is described as being coupled to a 
second element, the first element may be not only directly 
coupled to the second element but may also be indirectly 
coupled to the second element through one or more third 
elements. Further, elements that are not essential to the com 
plete understanding of the invention are omitted for clarity. 
Also, like reference numerals refer to like elements through 
Out. 

Referring to FIG. 1, a fuel cell system according to the 
illustrated embodiment includes: a fuel tank 120 storing fuel 
for power generation; a stack 140 for generating electricity by 
an electrochemical reaction between the fuel and an oxidant; 
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4 
a fuel pump 180 for transferring the fuel from the fuel tank 
120 to the stack 140; a pumping controller 112 for generating 
a pump control pulse signal controlling the operation of the 
fuel pump 180; and a fuel level computing unit 114 for com 
puting the amount of fuel used and the fuel level by monitor 
ing the pump control pulse. 

In the case of the fuel cell system according to the embodi 
ment, the fuel in the fuel tank 120 is directly supplied to the 
stack 140 by means of the fuel pump. In miniaturized embodi 
ments, that the fuel in the fuel tank 120 is diluted to a con 
centration suitable for direct use at the anode of the stack 140. 
Although the pumping controller 112 and/or the fuel level 
computing unit 114 may comprise a separate hardware mod 
ule, in some preferred embodiments, the pumping controller 
112 and the fuel level computing unit 114 are implemented in 
a system comprising a controller 110 (CPU) of the fuel cell 
system and a software module comprising a program execut 
able by the controller 110 stored in a machine-readable 
medium therein. This embodiment is described below. 
As the fuel supplied to the stack 140 is consumed, the 

pumping controller 112 sends a fuel control signal actuating 
the fuel pump 180 to supply additional fuel to the stack 140. 
The fuel consumption may be determined by measuring the 
output power (current and/or voltage) of the stack 140 or the 
power converter 160. In other words, in this embodiment, 
rather than directly controlling the amount of fuel pumped by 
the fuel pump 180, the pumping controller 112 controls the 
fuel flow by a feedback-control of the fuel pump 180 that 
depends on the state of the stack or the load, which is simpler 
to implement than direct control. In another embodiment 
comprising a fuel sensor mounted on the Stack or the fuel line 
connected thereto, if the fuel sensor detected the flow of fuel, 
the pump control signal can be generated and if the fuel sensor 
does not detect the flow of fuel, the pump control signal 
cannot be generated. 

In some embodiments in which the system is miniaturized, 
the fuel pump 140 comprises a diaphragm pump or a piezo 
injection pump. In this case, the diaphragm pump or the piezo 
injection pump undergoes one pumping cycle in response to 
a transition or pulse in the control signal. Accordingly, the 
amount of fuel pumped is about proportional to the number of 
pulses in the control signal. Embodiments comprising a DC 
motor pump are described in greater detail below. 

In some embodiments, the fuel tank 120 is refilable or 
comprises an exchangeable cartridge. When the cartridge is 
exchanged or the fuel tank 120 is refilled, the fuel level 
computing unit 114 resets the fuel level value to the entire 
capacity of the fuel tank 120. 

Thereafter, when the output of the stack 140 or the power 
converter 160 indicates a need for fuel, the pumping control 
ler 112 generates a number of pump control pulses corre 
sponding to the amount of fuel needed. In the case of a 
miniaturized system, the number of the pump control pulses 
generated when Supplying fuel may be fixed. In some 
embodiments, the fuel level computing unit 114 computes the 
amount of fuel used from the pumping pulses. In the case as 
shown in FIG. 2, the amount of fuel used in a given fuel level 
measuring section may be obtained by multiplying the num 
ber of the pumping pulses (P1, P2, P3 and P4 for a total of 4) 
by the amount of fuel pumped in a single pulse. Thereafter, 
the fuel level computing unit 114 subtracts the computed 
amount of fuel used from the fuel level value, updating and 
recording so that the fuel level. 
The fuel level value recorded in the fuel level computing 

unit 114 is not deleted but is retained even when the fuel cell 
system stops. As such, whenever the fuel cell system is used, 
the fuel level in the fuel tank 120 may be determined accord 
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ing to the number of pumping cycles of the fuel pump 180. 
When the fuel level is less than a predetermined amount, the 
fuel level computing unit 114 may output a low fuel warning 
message to a user. 
The fuel cell System according to the embodiment may 

further include a temporary fuel tank (not shown) for tempo 
rarily storing fuel, disposed between the fuel tank 120 and the 
stack. In this case, operation of the fuel pump 180 does not 
indirectly depend on the output of the Stack as discussed 
above, but depends on a physical State of the temporary tank. 
In other words, the temporary tank Supplies a generally con 
stant stream of fuel to the stack 140, for example, by means of 
elastic restoring force, or the like, of the temporary tank itself, 
and when the amount of fuel in the temporary tank becomes 
less than a predetermined value, the pumping controller 112 
generates a pump control pulse to transfer fuel from the fuel 
tank 120 to the temporary tank. 

Referring to FIG.3, a fuel cell system according to another 
embodiment includes: a fuel tank 220 storing fuel for power 
generation; a stack 240 for generating electricity by an elec 
trochemical reaction between the fuel and an oxidant; a fuel 
dilution tank 230 diluting the fuel supplied from the fuel tank 
220 to a predetermined concentration before it is supplied to 
the stack 240; a fuel pump 280 for transferring fuel from the 
fuel tank 220 to the fuel dilution tank 230; a pumping con 
troller 212 for generating a pump control signal that controls 
the operation of the fuel pump 280; and a fuel level computing 
unit 214 for computing the amount of fuel used and the fuel 
level from a waveform of the fuel pump control signal. 

In the case of the fuel cell system according to the present 
embodiment, the fuel in the fuel tank 220 is diluted in the fuel 
dilution tank 230, and the diluted fuel is supplied to the stack 
240. Such a structure is implemented, for example, when a 
stabilize performance of the fuel cell is sought. As such, the 
fuel pump 280 can supply the fuel to the fuel dilution tank 230 
when the concentration of the diluted fuel in the fuel dilution 
tank 230 becomes lower than a reference concentration. The 
water for diluting the fuel in the dilution tank 230 may come, 
for example, from an extra water tank (not shown) or a con 
denser 250 that recovering water from cathode effluent. 

Although the pumping controller 212 and/or the fuel level 
computing unit 214 may be implemented by an extra hard 
ware module, it is preferable that the pumping controller 212 
and the fuel level computing unit 214 are implemented as a 
Software module, for example, as a program stored in 
memory that is executable by a controller CPU. This imple 
mentation will be described below. 

Although a fuel pump as described in the first embodiment 
may be used, it is preferable that the amount of fuel supplied 
by the fuel pump is determined according to the length of a 
“turn-on' section of a pulse width modulated (PWM) signal 
in order to more finely control the amount of fuel supplied. 
This embodiment is described below. A pump driven with a 
DC motor is an example of a suitable pump. 
When the concentration of the fuel in the pump dilution 

tank 230 drops to less than a predetermined first reference 
concentration, the pumping controller 212 increases the con 
centration of the fuel by turning on the fuel pump 280. When 
the concentration of fuel in the pump dilution tank 230 rises to 
greater than a predetermined second reference concentration 
value, the pumping controller 212 stops the fuel pump 280. A 
sensor S communicates the fuel concentration in the fuel 
dilution tank 230, thereby providing continuous feedback to 
the pumping controller 212 during the operation of the sys 
tem, thereby maintaining a constant concentration range of 
fuel in the dilution fuel tank 230. The concentration of the 
storage solution in the dilution fuel tank 230 may also be 
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6 
indirectly computed from the output of the stack or the 
amount of fluid flowing in and/or out to the dilution fuel tank 
230, or it may be determined by directly sensing the concen 
tration using a sensor as shown in FIG. 3. 
The fuel tank 220 may comprise an exchangeable car 

tridge. When a fuel cartridge is exchanged or the fuel tank 220 
refueled, the fuel level computing unit 214 resets the fuel level 
value to the capacity of the fuel tank 220. 

Thereafter, the pumping controller 212 generates a PWM 
signal for controlling the operation of the fuel pump 280 
according to the concentration of the diluted fuel in the fuel 
dilution tank 230. In the illustrated embodiment, a sum total 
of time that the PWM signal is in a “turn-on' Voltage state is 
determined by the fuel level computing unit 214 integrating 
the PWM signal for a predetermined measuring period and 
multiplying the integrated value by the amount of fuel that the 
fuel pump 280 pumps per unit time or throughput per unit 
time to compute the amount of the fuel used. An example 
PWM waveform is shown in FIG. 4. The amount of fuel used 
in a given fuel level measuring section in the drawing may be 
obtained by multiplying the sum of the lengths of time w1, w2 
and w8 of the PWM signal by the pump throughput per unit 
time. 
The fuel level computing unit 214 subtracts the calculated 

amount of fuel used from the fuel level value recorded therein 
to compute a current fuel level, and updates the record 
thereof. The fuel level value recorded in the fuel level com 
puting unit 214 is not deleted when the fuel cell system stops, 
but is retained. As such, whenever the fuel cell system is 
operated, the fuel level in the fuel tank may be determined 
according to the operation of the fuel pump 280 as described 
above. When the fuel level is less than a predetermined ref 
erence amount, the fuel level computing unit 214 may output 
a low fuel warning message of a low fuel level to a user. 

Those skilled in the art will understand that in other 
embodiments, a PWM signal and a suitable pump is used 
without a dilution tank, or a pulse control signal and Suitable 
pump is used with a dilution tank, as would be apparent from 
the embodiments described above. 

Other embodiments use other types of fuel pumps, for 
example, comprising a valve and a means generating pressure 
to draw-in or discharge fuel. In some embodiments, the valve 
is a sluice valve and the PWM signal for controlling the pump 
instead controls the operation of the valve. Embodiments in 
which a predetermined amount of fluid passes each sluice 
cycle of the valve are useful in conjunction with pulse control 
embodiments, as discussed above. 
As the fuel cell system as discussed above is effective in 

determining a fuel level in a fuel tank without using a flux or 
flow sensing apparatus, thereby reducing manufacturing 
COStS. 

Although a certain embodiments have been shown and 
described, it would be appreciated by those skilled in the art 
that changes might be made in these embodiment without 
departing from the principles and spirit of the disclosure, the 
Scope of which is defined in the claims and their equivalents. 

What is claimed is: 
1. A fuel cell system, comprising: 
a fuel tank configured for storing fuel; 
a fuel cell stack operable for generating electricity by an 

electrochemical reaction of a fuel and an oxidant; 
a fuel pump directly fluidly connected to both the fuel tank 

and the fuel cell stack; and 
a controller comprising a pumping controller and a fuel 

level computing unit, 
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wherein the pumping controller is electrically connected to 
the fuel pump and operable for generating a pump con 
trol signal for controlling the operation of the fuel pump, 
and 

wherein the fuel level computing unit is operable for com 
puting the amount of fuel used and a fuel level in the fuel 
storage tank from a waveform of the pump control sig 
nal. 

2. The fuel cell system of claim 1, wherein the fuel level 
computing unit is configured to record the calculated fuel 
level therein, and configured to reset the recorded fuel level 
value to a capacity of the fuel tank when the fuel tank is 
refilled. 

3. The fuel cell system of claim 1, wherein the fuel pump 
comprises a diaphragm pump, and wherein the fuel level 
computing unit is configured to determine the amount of fuel 
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used by multiplying a number of pulses in the pump control 
signal by a single pulse pumping throughput of the diaphragm 
pump. 

4. The fuel cell system of claim 1, wherein the fuel pump 
comprises a piezo injection pump, and wherein the fuel level 
computing unit is configured to determine the amount of fuel 
used by multiplying a number of pulses in the pump control 
signal by a single pulse pumping throughput of the piezo 
injection pump. 

5. The fuel cell system of claim 1, wherein the pump 
control signal comprises a PWM signal, and the fuel level 
computing unit is configured to determine the amount of fuel 
used by a method comprising integrating the PWM signal to 
obtain a time-on value and configured to multiply the time-on 
value by the pumping throughput per the unit time. 

k k k k k 


